I. INTRODUCTION
A. Richard Newton was larger than life in the eyes of the ones who had the fortune of meeting him. His outlook on life was so different, innovative, and refreshing that one could not avoid being enthralled by his ideas long after parting ways. In this paper, I remember him both as a wonderful human being and as an old and dearest friend. It is not easy for me to do justice to the great contributions that he made to the EDA community and to the world in general. I begin with my own rendition of his accomplishments and his biography decorated with comments from students and colleagues. The body of the paper is about his most significant speeches, which are the best witnesses of his vision and legacy. His own words are so eloquent and convincing that any editing would dilute the message. I will first quote excerpts from his DAC key note address of 1995 and conclude with his unabridged presentation in Berkeley about "the future of the future."
II. RICHARD: THE MAN AND HIS HISTORY
Richard was not only a wonderful engineer and a superb professor but also a great man. He would not rest on the laurels of his (many) industrial and academic successes like many of us are tempted to do; rather he pursued relentlessly noble causes that could (and did) have an impact on the human condition. Nothing was too hard for him. He would complain at times and act distressed, but would never abandon an idea he believed in.
Richard liked BIG, audacious ideas and as soon as he saw a way of making them a reality and in good hands, he would move on to something bigger and better.
In Chancellor Birgeneau's words: "An inspired and dynamic leader, Richard understood the power of engineering and technology in entirely new ways and he connected them to addressing society's toughest problems. He had an unrelenting commitment to engineering for the betterment of society. His passing is an enormous loss to us at UC Berkeley and for engineering nationally and internationally." Richard's own words are perfect to define the kind of leadership he exercised: "A great leader is someone, first and foremost, who can build a relationship of trust with the people that he or she works with. A leader needs to create a vision that's compelling enough that everyone who is part of that vision wants to contribute to it personally, and also believes that they're part of something much greater than themselves." He was all of this and more.
As a perfect epitome of the Greek and Roman classical ideas of "mens sana in corpore sano" (a healthy mind resides in a healthy body), Richard was an accomplished athlete. In his own words in an interview with Peggy Aycinena [11] : "I played a number of sports. Ultimately, I played Australian-rule football semi-professionally as a student. Eventually, however, I had to make a tradeoff between my studies and my sports injuries.
Digital Object Identifier 10.1109/TCAD. 2007 . 902701 We had practice on Mondays and Wednesdays, and we played games on Saturdays. Most Sundays, I'd be flat on my back recovering because it's a very violent game. I also played basketball for the University of Melbourne. I traveled around the country playing for the University for two seasons. I was also active in athletics when I was younger. My preferred event was the triple jump. One of my brothers told me last year-he's a school teacher back in Australia-that I still hold the Victoria state triple-jump record for high school students under the age of 17."
Aart de Geus in his presentation for Richard's Kaufman Award recalls how he became involved in electronics. "His passion for electrical engineering was awakened by his dad, whose own dream was to be an engineer. As Rich's brother Mike says: 'If Dad were alive today, he would probably see in Rich everything that he himself always wanted to be. ' The projects that Rich took on were big ones, limited only by the amount of equipment and electric wire he could drum up. His entire family recalls vividly how he transformed the roof of their house into an aerial antenna, which he used as a radio telescope and to track satellites." Richard deeply loved his family. He and his siblings had been always close even though they would see each other infrequently.
He excelled in other "sports" as well. He told me several stories about the competitions among Australian students to see who was able to drink beer quickly and in gargantuan proportions! His involvement with EDA started way back. A fortuitous meeting in the early 1970s with Donald Pederson, who died in 2004, was the event to kick-start Newton's lifelong interest in electronic design automation (EDA). In his own words "In 1970, I had the good fortune to bump into Professor Donald Pederson in the computer room of the University of Melbourne, Australia, and before I knew it, I was a SPICE-1 developer" [1] . He arrived in Berkeley to pursue his Doctorate in August 1975; I arrived there July of the same year. We met at the end of August when he literally ran over me turning a corner at the speed of light while I was running in the opposite direction. From that collision, where it is easy to imagine who had the worst consequences (Richard was almost 2 meters tall and I am 1.68 meters short!), a close friendship sparked. We talked and talked and talked about everything in life. We were so different in background and yet so close in our enthusiasm and passion for the intellectual endeavors that a University career would offer us.
While a student in Berkeley, he spent time in a village in the inner part of India to do volunteer work. His passion for third world countries and for disadvantaged populations originated then. He described to me over and over again the extreme poverty he saw and his ideas on how to alleviate the suffering of children and women in that part of the world.
In 1978, Newton earned his Ph.D. degree under the guidance of Don Pederson and was appointed to the engineering faculty later that year after he received several important offers 0278-0070/$25.00 © 2007 IEEE in industrial research Labs and other Universities. His choice for Berkeley is best described by his own words [11] : "I had a girlfriend at the time, a student from Berkeley who was on an exchange program in India. I wrote her a letter there and explained my choices, and asked her what she thought I should do. She wrote back and said all of the offers looked good, and that I should choose the one that I thought I liked best. I chose Berkeley because I knew she was familiar with the campus and thought that would be her first choice. When I wrote her and told her, she wrote back and said that Berkeley was the worst possible choice. Unfortunately, she wasn't my girlfriend much longer after that." We at Berkeley are so grateful to her for "inspiring" Richard's choice of the "right" place to work! Richard quickly scaled the academic ladder, going from assistant professor in 1978 to associate professor in 1982 and to full professor in 1985. During that period, we traveled the world together giving lectures and courses on circuit simulation, layout, and logic synthesis. I remember our plan of visiting China together for the summer with our families. We were invited by the Chinese government who would have allowed us to hike in Nepal that at that time was closed to tourism. The plan never materialized because of the length of stay that the Chinese government required of us. We instead went to Japan and Hong Kong visiting companies and places where no English was spoken and we had to make do with the Italian universal gesture language.
In his Ph.D. thesis, Richard saw the possibility of developing tools for mixed-mode design where analog and digital components could be developed together [2] . He also intuited that relaxation-based techniques had great promise for MOS circuits and developed what was then called Iterated Timing Analysis in collaboration with his students. This method is still the basis of the fast circuit simulators being sold today by the EDA industry. Together, we developed jointly a body of knowledge that went under the name of "Relaxation-Based Simulation." The paper that summarized our thoughts [4] was published simultaneously by three journals, a unique case in our discipline.
In parallel, his interests evolved to cover all branches of EDA [3] . His main technical contributions in this period were in the field of CAD frameworks where he spearheaded the development of unified databases and graphical user-interfaces for the design of electronic circuits. He was the technical force behind the Electronic Data Interchange Format (EDIF) standard [2] . This work evolved into the OCT/Vem framework that served as the backbone for the Berkeley EDA team programs and approaches [5] , [7] . In 1983, he helped found SDA, the parent company of Cadence Design Systems, Inc., a company that made the ideas of a unified framework for design its flagship.
In this period, it was clear that he had a unique gift: he could "sense" the future and act to direct it. He saw in the late 1970s with great clarity that the computing world was moving towards workstations from big mainframes and that Unix would have become the operating system of choice for engineering workstations. He then put his reputation on the line at a very young age and pushed companies and colleagues (including me!) to join in developing tools and methods on a DEC VAX equipped with Berkeley Unix. In doing so, he was creating the basis for a new industry and at the same time, he was providing a great test-bed for our Berkeley colleagues in the Unix group. Richard had an unmatched talent in marrying technical insights with industrial needs. In these years, he also predicted the great importance of logic manipulation and optimization [6] that led to the formation of Synopsys in 1987. There he served on the Board of Directors from its inception and had a major role convincing Aart de Geus, who later became one of his best friends, to try the start-up adventure. He played an important role also in forming other EDA companies such as Pie Design and Simplex Solutions (both eventually acquired by Cadence).
After the great technical and business success of these initiatives, Richard moved his interest to the process of enterprise formation. Beginning in 1988, he advised several venture capital firms, including the Mayfield Fund, where he was a Venture Partner until 2002, and Tallwood Venture Capital, where he contributed both to the evaluation and early stage development of more than two dozen new companies including Silicon Light Machines (where he acted as president and CEO during 1994 and 1995)-while still teaching digital logic design to an undergraduate class of over 180 students. "Newton had an astute business mind, something you wouldn't necessarily expect from an academic," said Dado Banatao, managing partner of Tallwood and chair of the Berkeley College of Engineering advisory board. Few people know that he helped found Crossbow with Mike Horton, one of his students, and in doing so, sparked the research on the Berkeley motes, smart dust, and wireless sensor networks [9] ! In the late 1990s, Richard raised the industrial and academic world to a new level of understanding [8] . He initiated a complex process that led eventually to the formation in 1998 of the MARCO/DARPA Gigascale Silicon Research Center (GSRC), a major private-public partnership with the U.S. government and the semiconductor industry that funds and coordinates longrange research at a dozen major U.S. universities and involves many industrial collaborators [10] Outside of academia and research, Newton maintained a strong interest in spirituality and Eastern philosophy, formed during his years as a student at UC Berkeley. I vividly remember our endless discussions about the aspects of Eastern and Western culture and philosophy where I was playing the part of the Western rationalist and he would try to convince me about the intangible and the spiritual. He also enjoyed poetry (one of his favorite poets being Rilke), painting, and hiking.
While he had numerous occasions to leave the University for a stellar career in industry or other private academic institutions, his love was for UC Berkeley and its students. Orville Schell, UC Berkeley dean of the Graduate School of Journalism and a close family friend of Richard's, said "Rich believed with a passion that it was the responsibility, in fact the obligation, of a great research university to serve the public by applying its brain power to the problems of people around the world. What he wanted was for all of us to find ways to harness our brains, brawn, money, entrepreneurial energy, research abilities, and dedication to solving the problems of our besieged world. Rich was an evangelist for academic relevance. He viewed universities as one of the most important pieces of civil society real estate in our country and the logical locus of innovative problem solving. For him, there was no more appropriate task for a "public" university, such as UC Berkeley, than to serve the public."
Richard always acknowledged the role of his students in his career and never forgot to mention their contributions in accepting honors such as the Kaufmann Award and the DAC keynote address. Aart de Geus in his presentation of the Kaufmann Award to Richard wrote: "When asked, though, what he is most proud of, the answer is: "my students." The common theme among all of them is that Rich was (and is) always there for them and fundamentally was the one that "catalyzed" them to "go for it" and set their talent free!" His students perceived how much Richard cared for them. Deirdre Ryan Hanford, Senior Vice President, Global Technical Services, at Synopsys, said: "Richard was proud of me. I could feel it. This helped propel me." Resve Saleh, the founder of Simplex and now Professor at University of British Columbia: "He was a great role model. I hope to carry on his legacy through what I have learned from him and will pass this knowledge on to the next generation of students in our field." Mike Horton: "Indeed, Richard's biggest gift to me is the strengthening of my inner person and the opening of my mind to a world which is much bigger and brighter than I had realized on my own."
Richard and I built together a strong research team at Berkeley stressing the importance of disinterested collaboration and friendly competition. As Aart puts it: "The 'Rich and Alberto' combo, was an engine of formidable impact. Both are very good friends, quick on their feet, deeply technical, and totally competitive." We used to play tennis tournaments (the infamous CAD group double and single tournaments, dominated by Bob Brayton after he joined our group!) and to ski in Lake Tahoe. Richard was not a great skier but he would try nevertheless even the most challenging slopes with big laughs from all of us when he crashed! We even used to impersonate an Australian contest where two teams are competing on the speed with which beers could be drunk. My team always lost except once when we were clearly ahead but Srinivas Devadas-one of Richard's students, now Professor at MIT, and an enterprising member of Richard's drinking team-who was anchoring Richard's team, decided to sacrifice for the common good by pouring a full pint of beer over his head (a legal move according to Aussie rules!). We ended up losing again! I am sure Richard is still smiling about this event!
He was a dear friend to many people. Kurt Keutzer said: "Over the years, I've thought a lot about the qualities of friendship: honesty but sensitivity; integrity but loyalty; and most of all, the irrational willingness to go the extra mile. Richard demonstrates all of those. Every one of us has so many stories about how Richard's big heart reached out to make us happy. But the fact is that Richard wanted to make each one of you happy, in a very personal way, and everything else he did arose out of that."
III. EXCERPT FROM RICHARD'S DAC KEYNOTE, JUNE 1995
Richard devoted most of his career to develop the EDA industry and research agenda. He was also instrumental in bringing the Design Automation Conference to heights that made it one of the most successful conferences in engineering. His keynote address in 1995 is a landmark of strategy blended with analysis of the past. In this talk, he outlined the history of CAD and of the EDA industry and pointed to the challenges that were looming in the dark. Twelve years later, most of his remarks are of surprising relevance. I selected from the text of that presentation the parts that I felt were of most importance.
"From FORTRAN, punched cards, line printer output, even 'computer rooms' as we old fogies used to call them, to the interactive, multimedia world we live in today. Along the way, I have had the distinct privilege to observe, and participate in, a process of profound change and to work with many very talented people, the people who have driven that change, over the past quarter century.
In a keynote address, one is encouraged to deal only with the prime underlying elements or themes, to try to set a tone for the days ahead. That is not easy in an industry that has proven time and time again, at least to me, that the devil is almost always in the details! Predicting the future of an industry like ours is always risky.
The point I make is that long-range predictions of the future in technology-in our field-tend almost always to be overly pessimistic. The long-term future almost always outperforms the pundits, often in unpredicted directions. We are almost always too conservative, even in an industry that has changed the world.
When we think of the semiconductor industry today, we see plots on semi-log paper continuing upward and to the right. We imagine lots more gates, mixed-signal design, more chips on a board, and lots more hard work for us all. We imagine tough problems just getting tougher, and they are important problems and they are getting tougher. But are big, complex, deep-submicron chips the only path which leads to the future? Fortunately, there is a small cadre of marginally crazy people out there trying to change the problem rather than simply trying to solve it.
Try to imagine, for example, self-powered chips powered only by incident radiation or some novel battery technology, communicating amongst each other using tiny semaphores, by waving tiny micromechanical mirrors, or by making noises like crickets in the night. These unpackaged, tiny silicon die might float around us, perhaps sampling atmospheric conditions and signaling results back to some central site. They might be dumped by the bucket-load from transcontinental jet aircraft, working together as a team as they drift slowly to earth. Or perhaps they might be glued onto the leading edge of a jetliner, steering the plane using thousands of 100-micron long micro fingers. Or perhaps, a slurry of such chips might be painted onto the surface of a bridge, or the walls of a house, sampling temperatures and stresses. Fortunately, there are people considering such things, even developing them. And I'm sure, in the future, such developments will come to pass. In this light, if there is a single point I wish to make here today, it is that as a discipline, both in industry and in academia, we are just not taking enough risks today, and most certainly not from a technical perspective.
We still have just as many bright, creative people as we have always had, most of whom stand ready to change the world in very dramatic ways. Many of whom continue to be frustrated as they share their vision in a hiring process which often seems to consider Windows 95 programming experience as its most important strategic hiring criterion. It is perhaps no wonder then that the business community believes that "Buying companies is a legitimate way of doing research and development in this industry," as Robert Stern, an analyst with Smith-Barney put it.
Taking technical or business risk is not new to us. Virtually every successful start-up in our industry owes its early advantage to such risks. And the larger companies in our industry are often forced to take on substantial business risk, as they struggle to feed the ever-demanding Wall Street inferno.
However, if we are to continue the revolution, if we are to exceed our own expectations, we must be prepared to take even bigger risks-both from a technical as well as from a business perspective, and both in industry as well as in academia. This risk is a very personal one, it involves putting our reputations and our careers on the line at all levels of our organizations, from student to CEO.
Those who fund research must return to the longer-term emphases that actually led us to where we are today. Don't ask for 'deliverables in six months or a year,' ask 'what might we learn from this work.' Don't ask for software, but rather expect a deeper understanding. Even in the question itself, one prejudices the process. Trust that the deliverables, the understanding, and even perhaps the software will come, It's more likely to be what you really need if you don't insist upon it. As you look around the Conference this week, and reflect back on the state of our industry a quarter century ago, I'm sure you will agree we have a lot to be very proud of indeed. The $100B semiconductor industry simply would not exist in its present form if it wasn't for our meager $1.2B contribution. That's right, we just don't get the respect we deserve! So the EDA carousel may characterize a phenomenon many of us have observed over the years. But what is its root cause? And is it possible to defuse it?
I believe the cause is most strongly related to a lack of consistent and sustained investment in the technical infrastructure of the industry and that it most certainly could be avoided. The topic we refer to as Deep Sub-Micron is perhaps the most obvious approach to revolutionary change, certainly it was a hot topic at last year's Conference and is the approach that has been most discussed over the past year. The one caveat I will add here is that this is as much about methodology as it is about tools-as much about the way the tools are organized and the way they interact as it is about the specific capabilities or particular emphasis of the tools themselves. The real winners here will be those who re-think the entire back-end IC design flow, not those who simply improve or augment existing offerings, existing methodology. With one hundred million devices and eight layers of relatively poor interconnect, we are wiring-driven-the problem becomes routing and placement, rather than placement and routing. Even logic synthesis must change, with a return to a switch-level emphasis and library generation on-the-fly.
At the other end of the electronic design spectrum, we have heard a lot about HLDA and ESDA. System-on-a-chip and hardware-software co-design. We are told of the advantages of cyclebased simulation and the promise of formal verification. There is a revolution coming here, and all of the aforementioned will doubtless be a part of it. However, once more, this is not a tool issue per se but it is rather largely a methodology issue. It has to do with how best to represent the design at higher levels of abstraction first, what are the right primitives to use in our models. Right from both the user's point of view as well as the design technologist. Acceptable ways to represent the passage of time, to represent the protocols between elements of the design and, of at least equal importance, the best ways for the user to interact with the design. In my view, a key insight here is the realization that in today's world, with its complex and ever-changing interactions among the components of an electronic system, modeling and animating the environment in which a design is expected to operate is as important as modeling the design itself.
To me, this means a lot more than simply a 'pins-out' perspective. If one starts by building a system that can represent and animate the rest of the world, then animating and evaluating the design itself becomes straight forward. In summary, we have come a long way over the past quarter century and it should be clear to us all that we have an exciting future ahead of us.
I would like to take this opportunity to thank all of those who I have had the distinct privilege to work with over the years, in all aspects of our field, and most especially I thank my many students. It is through their eyes that I continue to see the world in a new light almost every day.
We are, once again, on the verge of a revolution, a revolution which has a number of important dimensions, each of which will change our world and will benefit our users in profound ways. Success in any one of these areas involves taking risks, big risks, in both research and in development. As a discipline, I hope we find a way to undertake these challenges and opportunities but, no matter what happens, the times are certainly bound to remain 'interesting.' "
IV. THE FUTURE OF THE FUTURE: RICHARD'S ADDRESS TO THE BERKELEY EECS ANNUAL RESEARCH SYMPOSIUM, FEBRUARY 23, 2006
After his visionary role as a founder of the EDA industry and as a founder of the MARCO GSRC center, Richard responded to higher calls of duty when he took on the responsibility of the College of Engineering at Berkeley. His tenure was memorable: he founded CITRIS and started many important programs that set the stage to make Berkeley a guiding light in fields such as synthetic biology. The text in this section is the best I have ever seen for global vision, passion and ideals. I believe there is no better way of remembering him than trying to fulfill his vision! "When Kurt Keutzer first asked me to speak with you today about the Future of the Future, I think he and I both had in mind a talk about technologies and their implications beyond the end of any known 'roadmaps'-a kind of updated Buck Rogers of the 25th Century talk. But the more I thought about it, the more I came to the conclusion that The Future of the Future-where we are headed-depends far more on how we approach the journey itself than on any particular outcome. In these times of rapid change and global restructuring of just about everything, I am reminded of Bob Lucky's comment at this very meeting some years ago: "I feel like I'm driving a car into an impenetrable fog and I can't see even a foot in front of me, while when I look into the rear vision mirror everything is crystal clear!" It seems to me that the Future of the Future is far more about how we are headed today than trying to guess where we are headed.
With that in mind, I have organized my remarks into three parts, as follows:
1. The Century of the Engineer, and the critical role of the Research University campus; 2. The Bay Area is the Corporation; 3. The Reformulation of Everything.
A. The Century of the Engineer
Sun Microsystems CTO Greg Papadopoulos once told me, and I quote: "If the 20th century was the century of big science-particle accelerators and uncovering the secrets of the atom; discovering the secrets of the cosmos-then the 21st Century has to be [emphasis added by editor] the Century of the Engineer-the global challenges we all face simply demands it."
I certainly agree with Greg, as I'm sure many of you do as well. Beyond the borders of our own college and of Berkeley per se, what looms first and foremost on my mind today are the many great challenges our global society faces, and what science and engineering might be able to do to help us address them. Of course, I have certainly been inspired in my own thinking about these problems by our CITRIS institute and by the many faculty, students, and industrial and Government partners at our four CITRIS campuses who share these concerns. These challenges are certainly not small ones. For me, any list of global priorities must include the Three E's, as I refer to them-developing a sustainable and affordable supply of environmentally-friendly Energy; curing Epidemics, and particularly the neglected diseases of the developing regions of the world; and Education-especially educating women throughout the world. These are my top three-of course there are many more and even these can be broken down into some fairly sizeable sub-challenges themselves. If we faculty, students, and our partners on the great research university campuses of our world-and I include everyone here today-if we don't step up to these challenges, then who else will? Who else can? And that is the first point I would like to leave you with today.
Over the past two decades we have witnessed the demise of the great corporate research institutions of the 20th Century: Bell Labs, Xerox PARC, and it seems to me that even IBM Research is under attack. I used to say HP was a significant holdout until they recently cut their research labs in half. My friend Ulrich Ramacher, here today from Infineon, called me from Germany last year to say that his Corporate Central Research Labs were being largely disbanded. With the exception of Microsoft Research-for now-none of the modern ICT companies have made any significant investments in internal, medium to long range research.
With every passing day and the death of every corporate research laboratory, and as the complex, societal-scale problems we choose to tackle truly demand the "horizontal collaborations" Carly Fiorina often referred to, the research university campus is evolving to become a critically important resource for government as well as industry, playing the role of a kind of open "demilitarized zone of research," where companies can collaborate with faculty and with many of the brightest young minds in the world-as well as among themselves, which is another important role whose value should not be underestimated-on medium and long-range research partnerships.
B. The Bay Area Is the Corporation
As companies continue to reduce their internal investments in long-range research and development, the financial and intellectual leverage and the opportunities for pre-competitive collaboration provided by university campuses and associated government-subsidized research laboratories like UC Berkeley, our Lawrence Berkeley National Laboratory (LBNL), Stanford, SLAC, and UC San Francisco here in the Bay Area, is becoming a truly critical resource to industry, to its workforce, and to the creation and sustaining of an effective "bump" on Tom Friedman's Flat World. Now I'm sure most of you have either read Tom Friedman's latest best-selling book entitled "The World Is Flat: A Brief History of the Twenty-first Century" or you have had a friend summarize it enthusiastically for you. What Friedman means by "flat" is a direct consequence of "connected": the lowering of trade and political barriers and that the exponential technical advances of our digital revolution that have made it possible to do business, or almost anything else, instantaneously with billions of other people across the planet. As one reviewer put it, "He wants to tell you how exciting this new world is, but he also wants you to know you're going to be trampled if you don't keep up with it." Personally, reading it from an American perspective, at first I found Friedman's vision quite pessimistic! As another U.S. reviewer wrote, "Clearly the mathematics is against us and the inevitable result is that our standard of living is headed for a substantial fall-unless some other solution is found. Friedman summarized the factors eroding America's competitiveness-unfortunately, he failed to look clearly into the future or to find a solution." But Tom didn't talk to me before he wrote the book! Nor did he talk to faculty at MIT, or Stanford, or IIT, or ETH, any other leading research university or research laboratory for that matter. He didn't seem to talk to any science or engineering educator or administrator who has spent time thinking about the consequences of a flat world and what they need to do to keep their heads above water.
As Dean of one of the most distinguished Colleges of Engineering in the world; Dean of a college whose graduates, faculty, and students have created over $250B of economic value, and whose research innovations have saved hundreds of thousands-if not millions-of lives, Dean at the U.S. University that the National Science Foundation says produces more Ph.D.s in science and engineering annually than any other university in America, you might just think that this is a phenomenon I should care about-and, believe me, I do! And what I'm about to say in this regard is as relevant to Tsing Hua, Beijing, and China, for example, as it is to Berkeley, the Bay Area, California, and the United States. I posit that the real irony of Friedman's Flat World-where his flatness should really be considered largely a corporate and business view of the world-is that never before has actually where you are on the world been more important! How many of you remember UN advisor Rene Dubos' 1972 adage, "Think globally, act locally?" Dubos believed that we should create a World Order in which "natural and social units maintain or recapture their identity, yet interplay with each other through a rich system of communications." Well, here we are. Tom Friedman says, " so the current keep-you-awake-at-night issue for nation states and their citizens is how to deal with corporations that are no longer bounded by a thing called the nation-state. To whom are they loyal?" Clearly, an important question. But for me, one that is rhetorically subsumed by another: in Friedman's Flat World, the corporation itself is ultimately hostage to its employees and to the relationships it must forge with third parties-an area where an attentive nation-state can create a real advantage. I often find myself reflecting upon Silicon Valley and the San Francisco Bay Area in this regard it its continuing role as a cradle of innovation and economic strength; as a friend and colleague at HP Dr. Patrick Scaglia recently commented, "Rich, the Bay Area itself is the corporation. We are all employees of the Bay Area Corporation." So this is my second point: "The Bay Area is the Corporation." Patrick is absolutely right! In fact, I'm actually looking for a student to do the analysis of the Bay Area Corporation for me-what is our retention rate, our revenues and our expenses? How much are we spending on R&D, marketing and sales, G&A and advanced research? With Berkeley, LBNL, UCSF, Stanford, and SLAC as Advanced Research, what percentage of our revenues are we spending on advanced research in our Bay Area Corporation and how is that trending? As employees move among companies here in the Bay Area, they are really moving among divisions of this Bay Area Corporation. Never before has it been more important to us to invest regionally in our strengths-to differentiate ourselves, and so create a real and meaningful "bump" on Tom Friedman's flat world. This is what Berkeley SIMS Dean Annalee Saxenian refers to as a regional advantage-not a state advantage or a national advantage. I argue that what the profound corporate, global flattening actually does is it makes the local region-the Bay Area in this case-even more important than the State in this regard, and the State more important than the nation. Our well-being, here in the Bay Area-the quality of our schools, our infrastructure, our ability to create and attract new industries, and so high-paying jobs and tax dollars; the quality of our own lives-is highly dependent upon how we respond first at the regional level, then the State level, and then as a nation.
It follows then that never before has it been more important for us to truly facilitate real collaboration and effective exchange between and among our universities, government laboratories, and our industrial partners, particularly those prepared to invest substantially in our local region. Never before has it been more important to facilitate the sharing of IP, sharing of understanding, and the creation of a local advantage for those working with us-here in the Bay Area, or California. To be very clear, I'm in no way excluding so-called international partners here either-in fact, exactly the opposite. Personally, I really think we should strongly consider dropping the idea of "flag-of-origin" as a symbol of corporate identity. In this new and flat corporate world, companies should be judged far more on where they choose to invest and partner, where they pay taxes and create jobs in a sustained way over a number of years, rather than what particular national flag-of origin they happen to carry. I know it may be painful for many of us to even contemplate, but we really should ask the question as to whether an Intel or HP are actually U.S. companies any longer under this definition, while perhaps some foreign companies like a Toyota actually want to be! So from my own selfish perspective then, how do we keep our local Berkeley/Bay Area Corporation vibrant and alive? How do we keep it up to date and able to evolve with the challenges of this global business transition? It's simple-like any great corporation, we need to recruit, attract, and retain the very best knowledge workers in the world. Just as we have been doing for decades now. We need to bring these great minds first to Berkeley, then to the Bay Area, to California, and to the United States. Just as any of you visiting Berkeley from other parts of the United States or the world need to bring as many of those same people as you can to your local, geographical region. When you think about it, it is really the only feasible response! In fact, it could be argued that at a great public university like Berkeley it is our responsibility to our community and to our respective states and nations. Just to be really clear, I'm not presenting a xenophobic perspective here; exactly the opposite-for those of you visiting the Bay Area, I believe this goal is equally as important for you in your region, and I truly hope you succeed in such a venture, just as well as we succeed-well, perhaps not quite as well as we succeed! A strategy like this actually requires us to engage far more aggressively with the rest of the world and to develop very strong and focused relationships with the very best sources of talent, wherever they are to be found. After all, these people used to come here almost automatically because of the opportunities we represented here in the United States. But now, in a flat world and where national as well as international competitors are exploiting their relative strengths and are investing very aggressively for a local advantage, we must change our strategy to that of an aggressive acquirer of talent. Bring the very best people to Berkeley-undergraduates, graduate students, post docs, faculty, staff, executives, SME's, outposts of corporate research labs, and yes, even campuses of other universities-but only the very best ones in the world! As it said in the New York Times last week, I have already surprised a university president and a dean of engineering or two by inviting them to set up shop adjacent to our Berkeley campus-most recently, the Vice President of Research for Tsing Hua University in Beijing, China. While he was interested in having our students and faculty visit his university for extended periods, I replied: "Actually, I have a proposal for you. How about if you set up a Tsing Hua campus right here in Berkeley? Just up the road-we have 90 acres of beautiful University-owned land we call the Bayside Research Park. Let's identify a group of donors who want to help Tsing Hua and ask them to fund an outpost of your university right here." Then let's do the same with IIT, with Cambridge, and ETH. So far, I haven't had any takers though! Bring the very best here to Berkeley and to the U.S. About a year ago I even asked Professor Rodney Brooks, the head of a major research and teaching laboratory at MIT if he would like to set up shop here in Berkeley as well. He replied, "No thanks, but how about Berkeley Engineering sets up a satellite campus here in Cambridge, Massachusetts?" Rodney gets it! I call this strategy "intellectual insourcing," by the way. It is our attempt at Berkeley to create a sizeable bump-ideally a mountain-on Tom Friedman's otherwise flat world. Right there in Berkeley. While many of my competitors are setting up satellite campuses in Singapore, or England, or Qatar, or setting up laboratories and encouraging their faculty to spend time in India or Dubai, I say bring those super people to Berkeley-bring them physically to Berkeley and to the San Francisco Bay Area. As without doubt the most distinguished public teaching and research institution in this nation, we also have another unfair advantage in this regard. More than one third of our students at Berkeley are U.S. Federal Pell-Grant-eligible. That means they are students coming from families earning less than $35 000 per year. As our Chancellor Bob Birgeneau likes to point out, we have more of those economically disadvantaged American students at Berkeley than all of the Ivy League schools combined! Many of us at Berkeley believe that this is our secret weapon, by the way-our public mission and State "subsidy" of California residents' supports access to the University of California for a very important pool of local American talent that our private competitors have not tapped into yet. Bring the very best students we can find to Berkeley: first and foremost from the Bay Area and California, then from the United States, and then from around the world. Like many of the great institutions of this or any other time Berkeley is far more about a culture than it is about the content it produces. It's the Berkeley graduates that are special, not just the pedagogy we produce. Berkeley is about rubbing shoulders in the hallways and the cafeterias with students, faculty, and visitors from around the world, people who share a mission and a vision although their fields may differ significantly. You who have spent time on the campus of a world-class research university know precisely what I mean. These are people who truly want to make a difference in the world through their teaching, their research, and their service. You simply can't achieve that culture at a distance; in this flat world I don't believe you can even sustain such a culture unless you double-down the bet and work aggressively to seek out, attract, and retain the very best of the best, wherever they may be. The Bay Area is the Corporation, and we must all do everything in our power to make it the most effective corporation in the world.
But at the same time that the earth is tending rapidly towards flatness, we do have another absolute disaster to deal with here in the United States. We simply aren't preparing our citizens and our society adequately for this radical transition. And this is a much bigger disaster than many of us seem to realize. Most of you have probably read or heard about the recent report from the National Academies, "Rising Above The Gathering Storm: Energizing and Employing America for a Brighter Economic Future." That report points out clearly and unambiguously that without an immediate wide-ranging effort, the United States "could soon lose its privileged position" as the world's leader in science and engineering. "Decisive action is needed now," the report warns, adding that the nation's old advantages "are eroding at a time when many other nations are gathering strength." The proposed actions include creating scholarships to attract 10 000 top students a year to careers in teaching math and science, and 30 000 scholarships for college-level study of science, math and engineering; expanding the nation's investment in basic research by 10 percent a year for seven years; and making broadband access available nationwide at low cost. The Academies panel estimated that the cost of implementing these and all of their other wide-ranging and substantial recommendations is $10 billion a year. As Intel Chairman and NAE Chair Craig Barrett points out, even today the U.S. government spends $25 billion on farm subsidies-five times as much as it does for all of its investments in advanced research and development! I was in Washington last week with a group of engineering deans from many of our top U.S. universities, helping to reinforce these points with our respective representatives. It was clear from our discussions with them that Craig, along with the CEO's and senior executives of many of the companies represented here today, have played an absolutely key role in pressing the importance of these issues and having a number of them actually presented in President Bush's State of the Union address late last month. But that said, can we do it? Will we do it? These are major challenges that we must all work to implement, and with every bone in our bodies. And we must do so now. I have absolutely no doubt that the economic future of the United States depends on us changing the course of this Titanic before it is too late. As Berkeley alumnus, former faculty member, and now President of the University of Maryland Dan Mote puts it, we have heard about Rising Above the Gathering Storm; now it is time to Gather Above the Rising Storm! The Future of the Future. So far, I have spoken about Papadopolous' Century of the Engineer and the essential role of our research universities to that future, and I have hopefully convinced you of the perhaps ironic, but increasing importance of "place" in this flat world and what we need to do about it-Scaglia's The Bay Area is the Corporation. My third and final point today is a consequence of a recent conversation with Tom Kalil, Berkeley's Special Assistant to the Chancellor for Science and Technology. "Rich," he said, "In any talk about the Future of the Future you really must talk about the importance of multidisciplinary research." Of course, multidisciplinary research-both use-inspired research as well as pure curiosity-driven research-is what we are all struggling to come to grips with. Of course, multidisciplinary research is a critically important first step. But I truly believe it is simply that-a first step on our way to what will, perhaps a quarter century from now, actually seem like a complete reformulation of everything we do. In 50 years, those of you still here will chuckle "Remember the good old days when we used to talk about electrical engineering and computer science as a field of its own?"
As a reminder, remember the good old days when Phoebe Apperson Hearst sponsored Berkeley's Hearst Memorial Mining Building? Today, that building houses much of our most advanced research on nano-sciences and nano-engineering. A kind of "mining," I suppose, but certainly not what Phoebe had in mind or what her very successful husband George used to do for a living. "May this building be consecrated to the service of efficient citizenship and to the industrial development of the Pacific coast, of America, of the world. May this School of Mines have no enemy save the ignorant, and for a friend the people of California." Words spoken at the building's inauguration just about a hundred years ago. As Jack London wrote in his November 19, 1902 column in the San Francisco Examiner, commenting on this grand building's groundbreaking ceremony, "In number of students it [UC Berkeley] has the largest roll, and with the best equipment in the world it is inevitable that it shall take first rank among the colleges of mining. From all the world students of mining will flock to it; and to all the world it will send forth its engineers to the conquest of force and mastery of matter."
Friends and colleagues, I don't think I could have summarized our aspirations for today any more lucidly; perhaps Tom Friedman's challenging ideas and wake-up call come as close as we have today to Jack London and his ideal for the future Berkeley. Back to multidisciplinary research and the reformulation of everything. Since we have heard a lot about software and electronics this morning, I'm going to draw upon an example sourced in biology to illustrate my point. An example, by the way, that ultimately depends upon more electrical engineering and computer science than even our EECS department does.
It is not often one has the chance to be present at the birth of an entirely new industry, let alone one that has the potential to address, if not solve, many of our most pressing global problems-and at least two of my Three E's mentioned above. More years ago now than I care to remember, I began my career in the microelectronics industry as we contributed to the relentless evolution of Gordon Moore's famous law of exponential growth in chip complexity. My industry started with physics-the physics of materials called semiconductors. Physicists at Bell Laboratories in New Jersey struggled for years to understand the detailed physics of materials like germanium, gallium arsenide, and silicon. They studied surfaces, properties like resistance and thermal conductivity under various conditions, and many other physical and electronic properties of semiconductors, until in 1947 the physicists John Bardeen, William Shockley, and Walter Brattain were credited with inventing the semiconductor transistor. And it was then that the engineers took over! They understood that the basic physics of materials was far too complicated and that if they were to make anything practical out of this new science they would have to work with a limited subset of physics. This new breed, called electronics engineers, defined their own library of components and the "recipes" they needed to build them in a semiconductor-components like resistors, capacitors, transistors and wires. They defined standard voltage levels and standard formats for binary computation. It was more than a decade later that Robert Noyce at Fairchild and Jack Kilby at Texas Instruments almost simultaneously combined a number of these components together on a single chunk of semiconductor and the integrated circuit was born. Today, almost a half century later, we can reliably manufacture over a billion of these components, invented by engineers, on a single sliver of silicon and, as we all know so well, microelectronics has truly revolutionized our world.
Today, when I hear Berkeley professors Jay Keasling, Adam Arkin, Carlos Bustamente, or Dan Fletcher talk about the nascent field of Synthetic Biology, I really have the sense that I am back with Shockley and his team as history is about to repeat itself, but this time with biology at its core rather than physics. For many years now, molecular and cell biologists have worked hard to uncover the secrets of how living systems work. First we understood the genome, and proteins and enzymes, and eventually how specific pathways operate in living systems like the E-coli bacterium or a yeast microbe. More recently we have discovered how to assemble genetic material and introduce it into simple living systems to modify their properties. As the scientists continue to understand more and more about living systems, and as we develop the instruments we need to observe their behavior in the finest, atomic-level detail, once again the engineers have arrived on the scene! Not satisfied with simply understanding living systems, our engineers want to harness that knowledge and apply it for a useful purpose.
This time, however, it is not a germanium, gallium arsenide or silicon substrate. This time the substrate for their work is actually a bacterium like E-coli, yeast, or bacillus. This time these chemical and bioengineers aren't working with transistors, resistors, and capacitors as their components, but rather they are using pathways, enzymes and sequences of base-pairs to construct their new "bio-chips." But the basic principle is the same-don't try to use all of biology but rather define, characterize and re-use a restricted and well-understood library of "biocomponents"-"bio-bricks" as this new generation of students refer to them-derived from a wide variety of different living systems and used to build entirely new living cells that have a specific purpose. Just like a silicon chip is an assembly of components designed to perform a specific function, such as to implement an iPod, a cell phone, or a personal computer, these new living systems are assembled on a biological substrate to perform a specific function as well. This time, however, that function might be the conversion of corn syrup to a drug that cures malaria or certain types of cancer, or it might even be a bacterium that photosynthesizes carbon dioxide in the air directly into diesel fuel! In the mean time, inspired by the potential impact of their fundamental work, the basic science is accelerating forward and providing the engineers with ever more interesting and important understanding and capability. It is truly an image of the virtuous cycle we have all benefited from in the age of the semiconductor. These new challenges and opportunities presented by Synthetic Biology are what our faculty and students are working on, along with a handful of colleagues throughout the world today, in this new and exciting field. They are working to understand a small number of microbes very, very well (their "substrates") and they are compiling a catalog of well-understood, useful components that they can "assemble" on their new substrates for a purpose. Over the next quarter century, I have absolutely no doubt that this new field of Synthetic Biology has the potential to revolutionize our world just as microelectronics has done in my own professional lifetime. This new revolution has the potential to bring with it tremendous progress for humanity, as well as any number of attendant challenges-as with any new technology. This revolution also brings with it a need for many high-technology supporting industries and, if we can develop these industries here in the Bay Area, we will certainly return a new generation of high-paying, high technology careers to California. Many of the companies represented here today-from National Instruments and Sun Microsystems, to HP and IBM-have the potential to play a central role in this new industrial ecosystem as well. I joked last week with Nick Donofrio of IBM that perhaps IBM will redefine its name one day to International Biological Machines! As Ed Penhoet, Chiron co-founder and former CEO, former Dean of Public Health here and Berkeley and now president of the Gordon and Betty Moore Foundation, said at a lunch back in 2001, "The biotechnology revolution is not as much about biology as it is about information technology."
C. The Reformulation of Everything
So in conclusion, the 21st Century clearly must be the Century of the Engineer-and the century of the information and communications technology worker as well. For the Future of the Future, the role of the world's great research universities is even more critical than it has ever been before-not only for teaching and research, but as a kind of science and technology nexus, where the great thinkers and great doers from academia, industry, and government alike can come together in a kind of "DMZ of research." They must come together to contemplate not only the technical challenges we face, but also do so in a broad, societal context that truly implements those "horizontal collaborations" Carly Fiorina refers to, and in a way that far more carefully considers the societal consequences of our actions as well. Our responsibility at Berkeley is not to accommodate ourselves to this Flat World-far from it! Our responsibility as nation states and their employees is to use every bone in our bodies to counter flatness, to redirect its energy in our own favor; to take full advantage of it, to "Aikido" it. To do that, we simply must double-down on what we have been doing informally for years-we must invest heavily in people. We must invest in ways of identifying the very best talent, ways of creating the incentives to bring them here-from California and from around the world-and we must do our best to inspire and support them as they invent the kind of future that our global society demands. Leadership in all aspects of science and engineering remains an element of ever increasing importance in creating the unfair advantage for so many other important and emerging disciplines-in establishing a very sizeable bump. On behalf of our College, I thank you all for your support of our students and our faculty, as we all look forward to continuing to work with you to keep Berkeley, the Bay Area, California, and the United States, the most important ecosystems in the world for innovation and collaboration in science and engineering." V. CONCLUSION I would like to conclude with two quotes: the thoughts of fellow countryman Giovambattista Vico (1668-1744) which are a perfect rendition of what moved Richard: "The holy furor for truth lives in the eternal attempt to go beyond the limit, in the infinite possibility of self-realization and of overtaking ourselves to discover the power of the spirit and give a new push towards knowledge." And the wonderful words by Tibetan Lama Sogyal Rimpoche, chosen by Dick Blum, San Francisco financier, philanthropist and vice chair of the UC Regents, for all of us: "One way of comforting the bereaved is to encourage them to do something for their loved ones who have died, by living even more intensely on their behalf after they have gone, by practicing for them, and so giving their death a deeper meaning. Don't let us half die with our loved ones, then; let us try to live, after they are gone, with greater fervor." I certainly will do so, to carry your flag until I reach you! Goodbye Richard, my friend.
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